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[Mmi * ~tt~££z:xs5S! ssstK assr sssr 

relates to a novel method lor efficient produc ion at a nig ' v ' e f d , new method for producing 

931 T!" 2* f STSfE p ) j Organor? tCem S ?S, p. 239 <1997 P ); Chem. Letters, P. 

^1932) an" S^^vi* J5» d ^ - (3) a m— "*» - Iridium complex as described 

hydrogen pressure, thus making ^ H ^^^^J^SS synthesizing optically active alcohol in- 
[0004] AddHion^^ 

elude: 1 ) a method us.ng an enzyme such as baker s yeasi a , ^ rf g trjc 

compound by the use of a metal complex catalyst. ™««* e » ™ 3 jc hydro y genation of a carbonyl 

catalytic reactions have been reported, including or W^JJ^jJJ^bed in detail in Asymmetric Catal- 
compound having a functional group us n^ o ^^^ZSXL on hydrogen transfer type reductton 
ysis in Organic Synthesis, p. 56-82 (1994) . ed R. J descrjbed jn Cnem . Hev ., Vo |. 92. 

reaction through asymmetric complex catalysis of "^hen.um rh oc urn ano modifying tartaric 

p. 1061.1069(1992); » •'"^--ST^^S'S^ SSSS^SIK'Sb (Wed. Y.Izumi; (4). 
acid described in Petr. Chem., p. 882-831 (1980) and .^ a " c °= " » synthesis Vol 5 Chap. 4 (1985) ed. J.D. 
method based on asymme.^ 

Morrison and J. Organomet. Chem., Vol ^' P- *J™ (1986) and J. Am. Chem. Soc, Vol. 109, 
of chiral ligands described in J. Chem. Soc., Perkm Trans. 1, p. 2039 *m (taoo, an 

p. 5551 -5553 (1 987). a ,„h«i ,„ it h a mlativelv hiah optical purity, however, it is defective 

[0005] Although the method using an ^^^^S^^Zi to one having a specific absolute 
in that the kinds of reaction substrates are hm.ted, and ^^J™**? ^ baged on a t * nsition me tal. while 
configuration. In the case o, the ™f^!^^^^ keto acid, for example, I 

S3 ^:l^LTsTL a demand for the achievement o, . new synthetic method for producing 
L optical* active alcohol having a high ^'^^V^^XZ^tL prior art, and provide a novel 
=d ^tSSttST S:ra^eW b V the use o, an inexpensive 

Sr=ans,oso,etheabo r en,ionedp« 

contling organic compound, wherein said nitrogen-containing organic compound ». 

a) a mono-amine selected from primary amine, secondary amine or tertiary amine represented by the formula 
NR 8 R 9 R 10 ; or 

' ,^h„ th B formula RUR^N-Z-NPW 4 (wherein Ffi, R 9 , R 10 . R 11 . R 12 . R 13 and R 14 are each 

b) a diamine represen ted by the J^^J,^ from alkyl , cycl0 alkyl, aryl having 1 to 10 carbon atoms 

^^^"SZEZ from alkylene, cycloalkylene and arylene having 1 to 6 carbon atoms). 
, [0009] Asthecamonylcompoundwhichistherawmaterialforproducinganalcoholthroughhydrogenatio^ 
tor example, a compound expressed by the following formula (1): 
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R 



1 



0 
II 

c 



(J ) 



(where and R*are hydrogen, aromatic monocyclic or polycyclic hydrocarbon groups or hetero-monocyclic or poly- 
ene groups containing heteroatoms. which may have the same or different substitution groups or a saturated or 

unsaturate^ f™^J*£^^ they are attached may aIs o form a cyclic group) may appropriate, 

[OMof ' The present invention also provides a method for producing an optically active alcohol, which comprises the 
step of subjecting a carbonyl compound expressed by the following general formula (2): 



R 



0 
II 
C 



(2) 



(where. is an aromatic monocyclic or polycyclic hydrocarbon group, a saturated or unsaturated ahph« « or cycto- 
Eydrocarbon group, or a hetero-monocyclic or polycyclic group containing heteroatoms wh,ch may have a substrtut on 
lup- and J Mb a saturated or non-saturated chain, cyclic or aromatic cyclic hydrocarbon or heterocyclic group, wh ch 
may have hydrogen or a substitution group. R3 and R< together with the C-atom to wh,ch they are attached may also 
S cycHc groups) to a hydrogenation reaction in the presence of an asymmetric hydrogenat,on catafyst which s a 
transitL metal complex catalyst of a group VII. metal, and an optically active mtrogen^ontammg compound, wherein 
said nitrogen-containing compound is 

a) an optically active monoamine in which at least one of the substitution groups is an optically active group and 
those remaining include hydrogen, or saturated or unsaturated hydrocarbon group or aryl group, or 

b) an optically active diamine compound represented by the following general formula (7): 



R 



2 n 



R 



19 



\ 



/ 

N 

/ \ 
R ' 5 R" 



R 



1 1 



/ 



R 



l 2 



\ 

N 

/ \ 
R" R ,! 



C 7 ). 



(wherein R 15 R" and B™ are hydrogen or saturated or unsaturated hydrocarbon group, aryl group, urethane 
□roup or sulfonyl group, and R». R 21 and R^ are the same or different groups such that carbon atoms bonded 
Sh these substLon groups form centers of asymmetricrty. and represent hydrogen or alkyl group, aromatic 
monocle or polycyclic saturated or unsaturated hydrocarbon group, and cyclic hydrocarbon group), and a base, 
thereby producing an optically active alcohol expressed by the following general formula (3): 



OH 
I 

R 3 -CH-R 4 



(3) 
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(where R 3 and R 4 are the same organic groups as above). 
[0011] Bering the present invention to, ^^^^^^SX^^ 

tz^:^^^^^^ 9roV amino 9roup and he,erocycl,c 9roup 

phenyl group, 2-msthyiphenyl, 2-ethy.phenyl, 3-viny.phenyl, 
2-vinylphenyl, 3-methylphenyl. 3-ethylphenyl. .^^ ^M 2 35 arthryl. phenanthryl, and indenyl; 
4-methy.phenyl, 4-e.hylphenyl. cumenyl, "^JJ^^Jf i3^pW«^ and P hen ' 

heterocyclic or polycyclic groups such as th.en£ furyl pyranyl, xan ^ W ^ methy , ^ 

anthrolyl; and terroceny. group eye c or a ^ ^ cyclopenty, and eyelohexyi, 

propyl, butyl, pentyl. hexyl and R 2 together with the C-atom to whieh they are 

and unsaturated hydrocarbons such as benzyl, v,ny anaajM ^ saturated or unsaturated cyclo-aliphat.c 

attached may also torm acyclic group. Examples o. such cych groups cyc , op entenone, cyclohex- 

gr oups providing cyclic Ketone such - ^ ^ having solution groups select- 

enone, cycloheptenone; sub ? l f ?*; a ^^^^^ group containing hetero atom, 

ed from alkyl, an/I, unsaturated alky . ah ^JSntam (Ru) iridium (Ir), palladium(Pd), and platinum(R). 
[0013] The group VI... meta.s inc ude rhodium ffjfc Jj^g^ J^ng an alcohol. 

ssrsssw rjs-s&^z* as homo9eneous cata * st For 

SmpleS caLyst can be expressed by the following general formula (4). 
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(where M is a group VII, metal; X is halogen atom, carboxy, group, alkoxy group or hydroxy group; and L is phosphine. 

olefin, diolefin, cycloolefin, CO, ^■^".^^a'SSal formula PrfWtf. where R 5 , R 6 , and R? may 
[001 5] For example, phosphine ligand can be expressed by a ^rai tonj 

I Jsame or different, and are aliphatic g^ups ^^^^Z trimethyWphine. triethy.phos- 

pr^^^ 

complex based on the *«™ 
rhodium, iridium, palladium and platinum. Among o hers nAhemurr ' " RuHCI[P(C 6 H 5 ) 3 l 4 , RuH(HCOO) 

applicablecomplexesincludeW 

[P(C S H 6 )3] 3 . RuH(CH 3 COOHP (C 6 H sMaJ R"Cla f ^^^e^Sto 6 ^ that the complexes applicable are 
RuHCl[P(CH 3 ) 3 l4, RuBr 2 [P(C 6 H 5 ) 3 l4, and Rul 2 [P(C 6 H s )3U. "i- 

the reaction raw material. :„„i„h« innmanic and orqanic bases. In the bases expressed by 

[0018] Bases applicable in the present invention ^^3™^^,, and Y is a hydoxy group, a.koxy 
the general formula MY, for example, M is "^^^S^camp^ include KOH, KOCH3, KOCH 

ammonium salt. be wjthin a range of , rom 0 .5 to 1 0,000 equivalents, or 

pentylamine, hexylamine, cyctopentylamme. « j^^^ ^ejamine. phenylethylamine, pip- 
pylamine, dihexylamine. dicylopenty.amme, ti ^^^^^^ ee ^J MnB . 1 ,2-diaminopropane. 
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methylethylenediamine, N.N'-dimethylethylenediamine, N.N.NMrimethylethylenediamine, N,N,N\N'-tetramethylethyl- 
enediamine. o-phenylenediamine, and p-phenylenediamine. »i rfk „ 1M u ah . n 
r0021] The amount of.these compounds should be within a range of from 1 to 1000 equivalents elatrve to the Iran- 
SlneS complex in the case o. monoamine compound, ormore preferably, from 2 to ^^f^ZT 
s ranae of from 0 5 to 2 5 equrvalents in the case of diamine compound, or more preferably, from 1 to 2 equivalents^ 
[0022] The transition metal complex used as the catalyst, the base and the nitrogen-containing compound are indis- 
pensable for ensuring smool.h progress of reaction. The absence of even any of these constituents makes .t impossible 

to obtain a sufficient reaction activity. ^rioie arvH 

[0023] In the present invention, furthermore, any liquid solvent which can dissolve the reason raw mate rate and 
w catalyst constituents may be used. 'Applicable solvents include aromatic hydrocarbon solvents such as toluene and 
xvlene aliphatic hydrocarbon solvents such as pentane and hexane, halogen^ontammg hydrocarbon solvents such 
as math ene ch Jide, ether type solvents such as ether and tetrahydro.uran, alcohol type 

ethanol, 2-propanol, butanol, benzyl alcohol, and organic solvents containing heteroatoms such as acetonitrile, DMp 
and DMSO sLe the product is alcohol, alcohol type solvents are preferable. More pre erabfy, 2-propano. may be 
is preferably used. When the reaction substrate is hardly soluble in a solvent, a mixed solvent compns.ng those selected 

from those enumerated above may be used. . .. u 

■ 0024] amount of the solvent is determined from solubility of the reaction substrate and relative economy merits, 
n the case of 2-propanol, the reaction may be caused at a substrate concentration within a range o from a low con- 
centration of under 1% to a state near the non-existence of solvent, but it is preferable to use ,t at a concentration 

" PS, 8 TnTe°prern«Se hydrogenation sufficiently proceeds under 1 atm of hydrogen, because the cat- 
alvst has a very high actrvity. Taking account of economic merits, however, it should preferably be within a range of 
X SJh- 0 9 106 Pal to 100 atm), or more preferably, from 30-104 Pa - 50-10* Pa (3 to 50 aim) Considering 
economic merits for the process, it is possible to maintain a high activity even under a pressure of up to 10-105 Pa (10 

25 N0261 The reaction temperature should preferably be within a range of from 15 to 1 00°C, while it is possible to cause 
he rltkTn a a temperature near the room temperature as within a range of from 25 to ^^'^^ 
invention is characterized in that the reaction proceeds even at a low temperature of from -100 to 0°C. The reaction 
"pleted in a period o, time within a range of from a few minutes to ten hours, depending upon such react.cn 

30 conditions as reaction substrate concentration, temperature and pressure. 

rO0271 The reaction sysLem in the present invention may be batch or continous 

0028 Now the method of the present invention is described in further detail below by means, of examples^ 

0029 m addition, the present invention relating to the method for producing an optically active alcohol provides also 
an embodiment wherein the above-mentioned asymmetric hydrogenation catalyst is a complex of a group VIII metal, 

35 tor Gxamote a mete complex having an optically active ligand, one wherein the base is a hydrox.de or a salt of an 

as a nitroqen-containing asymmetric compound is an optically active amine compound as described on p 1 5. 
[0030] Z asymmetric hydrogenation catalyst can be expressed, for example, by the following genera, formula (5). 



40 



45 



50 



M'xmLn ( 5 ) 



(where Ml is a group VIII transition metal such as ruthenium, rhodium, iridium, palladium, or platmum, X is hydrogen 
Sen atom a carboxyl group, a hydroxy group, or a alkoxy group, L is an optically active ohosphine ligand or an 
oXT^gL arsenic ligand; and rrvand n are integers), and the base may be a metal salt or a quarternary 
ammonium salt expressed by the following general formula (6): 



2 Y (6) 



MY 



(where, M 2 is an alkali metal or an alkali earth metal; and Y is hydroxy group, alkoxy group, mercapto group or naphthyl 

mail The carbonyl compound which is the raw material in the present invention is expressed by the general f ormula 
2) in this case, R* is a non-substituted or substituted aromatic monocyclic or polycyclic hydrocarbon group a s^urated 
ss or unsa turated aliphatic or cyclic-hydrocarbon group, or a hetero-monocychc or polycyclic group containing heter- 
lom "such fas niuoqen oxygen or sulfur al.oms. and applicable ones include, for example, aromatic monocyclic or 
SSSX^S P ny, group, 2-methylpheny,, 2-ethy.phenyl, 2-isopropylphenyl, 2-tert-buty.phenyl, 2-meth- 
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rophenyl. 3-vinylphenyl, 4-methylphenyl. ^^y^ 6 "^ h 4 J. s ° a P n r ° E'^and heterocyclic or polycyclic groups 
mesityl xylyl, 1-naphthyl, 2-naphthyl. anthryl, phenan Ju* and ^2^° 7; ndo , y!i carb y aZ olyl. and phenanthrolyt. 
and terrocenyl group such as thienyl. fury., pyranyl, xanthenyl pyndyl .m dazojrt, J V neteroatorTls , and 

R 4 is a saturated or unsaturated hydrocarbon group aryl g oup or a ^ ^ hexy| and neptyl; cy . 

applicable ones inc.ude. lor example, alkyl groups such as ^J^SSiJ. Z unsaturated hydrocarbon and other 
cMkyl groups such as ^W^S^^^^^ 9™P at f-posHion are 

groups such as benzyl, vinyl and ally!. »™ r °' ** ° Cached may also form a cyclic group. Examples 
also applicable. R3 and * together _w,th the C-aton to M ^™*^™™J nQ cycljc ketone suc h as cyclopen- 
of such cyclic groups are saturated or unsat ^ p Cy ^ substituted saturated or 

r 8 xTdts» 

L transition metal such as ruthenium, hy drS g oup or a. k oxy group. L is an optica*/ 

particularly prefix is h 

active phosphine ligand and applicable ones .nclude B'NAP^2 ms ( p y P ^ erjvative havjng ,_ 5 alky | 

rivals having alky, group or aryl group connected ™* ^J^Ap.. 2 , 2 .. D i S - ( di-p-to,ylphosphino)- 
substitution group(s) at site of aromat,c nng on P^^^^Sm .1 '-b-iphenyl, BPPFA: 1 -[1.2-bis(diphenyl : 
1.r-binaphthyl, B.CHEP; butane. CYCPHOS: 1-cy- 

pr,osphino)ferrocen y i].ethyld,methyam,ne, CHIHAPHOS. 3 ^ yj d . he lpnospnino)pyrro ,idine, DIOP: 

clohexyl-1 ^t**™^ DIPAMP: 1 , 2 -bis[(0-methoxyphenyl phenyl- 

2.3-0-isopropylidene ^^^^^^SSS benzene, NORPHOS: 5,6-bis(diphenylphosph>no)- 

ethylenediamine, PROPHOS: 1 ,2-bis 

UpHOS: ^f^^^ ligand h as an n of 3 or , It 

b^s^ inL presem invention is no1, ,imi,ed at 

STL, the base expressed by the ^^^^^^^ " — 

AftLm -H, - UOCH ( CH 3 ), NaOH, 

, [0037] The nitrogen-containing compound usee hn h B prese ""^^ P nesincludehydr0 gen, orsaturated 
h^X^^*^ — compound expressed by the following 

general formula (7): 



45 



R" 



so c C 



/ (7) 



N 



N 



R 



I 5 



55 



(where. R 15 , R« R" and R- are hydrogen or saturated or unsaturated hydrocarbon group, aryl group, urethane group 
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or sullonvl group and R 19 , H». R 21 and R 22 are the same or different groups such that carbons bonded with these 
substitution groups form centers of asymmetricity, and represent hydrogen or alky) group, aromat.c monocyclic or 
polycyclic. saturated or unsaturated hydrocarbon group, and cyclic hydrocarbon group). Examples include such opti- 
cally active diamine compounds as optically active 1.2-diphenylethylene diamine, l^-cyclohexanedjamine, 1,2-cy- 

s cloheptanediamine, 2,3-dimethylbutanediamine, 1 -methyl-2,2-diphenyl ethylenediamine, 1 -,sobutyN2,2-d,phenyle hy - 
enedLine, 1 -isopro P yl-2,2-diphenylethylenediamine, 1 -methyl-2,2^i(p-methoxyphenyl)ethylenediam,ne -isobuty^- 
2 2-di(p-methoxyphenyl)ethylenediamine, 1 .isopropyl-2,2-di(p-methoxyphenyl)ethylenediamine 1 -benzy -2,2-di(p- 
m^phenySylenediamine, 1-me,hyl-2,2-dinaphthylethylenediamine, M ^ 2 f ma ^l^ 
amine and 1 4opropyl-2,2-dina P hthyl-ethylenediamine, and optically active diamine compounds in which one or both 

10 of th'subs, ution groups R 15 and R" are su.fonyl group or urethane group. Optica.ly active diamine compounds are 
no Led to the optically active ethylene-diamine derrva.rves enumerated above, but include also opt. C ally active 
prapanediamine, butanediamine and phenylenediamine derivatives. The amount of these optically active amine com- 
pounds should be within a. range of from 1 to 10 equivalents relative to the transition metal complex in the icaae i >f a 
monoamine compound, or more preferably, from 2 to 4 equivalents, and within a range of from 0.5 to 2.5 equivalents 

is in the case of a diamine compound, or more preferably, from 1 to 2 equivalents. 

[0038] In the present invention, it is important, in order to obtain a high optical yield, to achieve an appropriate com- 
Lation of an absolute configuration of the optically active ligand and the absolute configuration of the opfcally active 
nitrogen-containing compound in the asymmetric hydrogenation catalyst as the catalyst component. The combination 
o S-phosphine ligand and S.S-diamine is, for example, best choice and gives (R)- alcohol. The combination of S- 

20 phosphine ligand and R.R-diamine. while the reaction proceeds, results in an extremely low optica yield. 

K The optical actrve transition metal complex, the base and the optical active ni.rogen«onta,n,ng , compound 
used as catalvst component in the present invention as described above are indispensable for achieving a high optical 
y£ LacSSven any o, these constituents makes it impossible to obtain alcohol with a sufficient optica, activity and 

2S [oSi] PU |nthe present invention, furthermore, any liquid solvent which can dissolve the reaction raw materials and 
catalyst components may be used. Applicable solvents include aromatic hydrocarbon soh/ents such as toluene and 
xylene aSatic hydrocarbon solvents such as pentane and hexane. halogen-containing hydrocarbon solvents such 
as met'hy ene chloride, ether type solvents such as diethylether and tetrahydrofuran, alcohol type solvents such as 
methanol ethanol, 2-propanol butanol, benzyl alcohol, and organic solvents containing heteroatoms such as ace- 

30 tonitrHe DMF and DMSO. Since the product is alcohol, alcohol type solvents are preferable. More preferably. 2-propanol 
may be preferably used. When the reaction substrate is hardly soluble in a solvent, a mixed solvent comprising ones 
selected from those enumerated above many be used. 

ST The amount of solvent is determined from solubility of the reaction substrate and relatrve economic merits. 
n"e case of 2-pro P anol. the reaction may be caused at a substrate concentration within a range o from a low con- 
ss cemraS of under 1% to a state near the non-existence of solvent, but it is preferable to use it at a concentration 

EST 3^^^h^^ sufficient, proceeds under 1 atm of hydrogen because the catalyst 
hWv Jy high activity. Taking account of economic merits, however, it should preferably be within a range of from 
To 1* -To A Pa (1 to 100 atm). or more preferably, from 30.10* - 50-10* Pa (3 to 50 atm). Considering economic 
40 merrts for the process as a whole, it is possible to maintain a high activity even under a pressure of up to 1 0 atm. 
SoS The reaction temperature should preferably be within a range of from 1 5 to 1 00'C. white rt ,s possible to cause 
^reaction a a temperature near the room temperature as within a range of from 25 to 40°C. However the present 
IS is characterized in that the reaction proceeds even at a low temperature o, from -100 to 0-C. The react™ 
s coml e Mn a period of time within a range of from a few minutes to ton hours, depending upon such reason 
45 condtons as reaction substrate concentration, temperature and pressure. Now, the present invention ,s described in 
detail by means of examples. 

[0044] The form of reaction in the present invention may be batch or continuous. 



so 



55 



EXAMPLES 
EXAMPLE 1 



f00451 RuCL[P(C e H 5 )3] 3 (9.6 mg, 0.01 mmol). KOH(0.02 mmol), ethylenediamine (0.01 mmol) and acetophenone 
Kg ?C mfo ) we eliLved into 3 ml of 2-propanol, and after deae ration for argon subst.tut.on the resultant 
mixture was totally transferred into a glass autoclave of 100 ml. Then, hydrogen was charged .nto .t un .I aprescr^ 
pressure [30-10* Pa (3 atm)] was achieved and reaction was started. After stirring the react.on mixture for 30 m.nutes, 
the reaction pressure was brought back to the atmospheric pressure. 

PhenetylScohol was identified as the reaction product by gas chromatography and NMR analysis of the reaction mixure, 
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and the product was quantitative* measured. The reaction substrate was total* consumed, giving a phenety, alcohol 
yield as the product of over 99%. 

Fxamptes 2 to 23 
in Tables 1 to 3. 
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Table 1 



Example No. 



(Reaction substrata) 
Raw material carbonyl 
compound. 



Product 
alcohol 
yield (*) 




9 9 




9 5 




9 9 




5 0 



5 



9 9 



6 



CH 3 0 




9 9 




7 0 



9 



EP 0 71 8 265 B1 



10 



Example No. 



Table 2 

(Reaction substrate) Product 
Raw material carbonyl alcohol 
compound 



rield <*> 



15 



8 




e 6 



20 



CI 




9 9 



25 



1 0 



9 0 



30 



I 1 




9 9 



35 



40 



1 2 



1 3 



O 0 



n = 2~5 




5 0 



9 9 



45 



50 



55 



1 4 



1 5 





0 9 



9 8 
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Table 3 



(Reaction substrate) Product 
Raw material carbonyl alcohol 
Example No. compound yield (*) 
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Example 24-30 

[0047] Under the conditions shown in Example 1 , hydrogenation reaction was conducted using unsaturated carbonyl 
compounds having a carbon-caibon double bond or a carbon-carbon triple bond. Correspond.no alcohol compounds 

J!^ C^-^ M ™itlple bonds were not hydrogenated, and cabonyl groups only were hydrogenated. The 
results of above reaction are shown in Table 4. 



70 



Table 4 



15 



Example No- 



Reaction substrate 

Ha* material 
corbonyl compound 



Products olcohol 



yield (%) 



20 



2 4 



9 5 



25 



30 



2 5 



2 6 




9 8 



9 8 



35 



2 7 




9 5 





Example 31-39 

55 F00491 Under the conditions shown in Example 1 , with 4-methy!cyclohexynone and 2-phenylmethylketone having 
£m carton atom groups in the molecular structure, the effects ol added phosphine ligands were surveyed. 
S ^ quant.af.ely a.coho. products. The resultant cisArans ratio of alcohols der.ed from 
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4-methylcyclohexanone and syn/anti ratio of alcohol derived from 2-phenylmethylketone were shown in Table 5. 

Table 5 



Example No. Phosphlne ligand 



31 



32 



33 



34 



35 

36 
37 
38 



PPh 3 




dppe 
dppp 
dppb 



OCH 3 



39 



Fe 



clsrtrans 
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24:76 



Example 40 

[0051] To prove the high activity of the catalyst of the present invention, the ratio of the reaction substrate to the 
catalyst was set to 5,000 and reaction was caused to determine the initial reaction rate. 

[0052] More specifically, acetophenone (20 mol), RuCl 2 [P(C 6 H 5 ) 3 ] 3 (3.8 mg, 0.004 mo!), KOH (0.08 mol) and eth- 
ylenediamine (0 004 mol) were dissolved into 12 ml 2-propanol, and after deaeration and substitution with argon gas, 
the resultant mixture was totally transferred to a 500 ml glass autoclave. Hydrogen was then injected to a prescribed 
pressure [30-1 0 4 Pa (3atm)] and reaction was started. The reaction was caused by direct connection to a hydrogen 
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cylinder so as to keep a constant hydrogen pressure. The reaction was completed in 80 minutes, and the initial rate 
of the reaction was determined to be 6.700 mol/Ru catalyst mol. nr. 

Example 41 

[0053] Reaction was conducted under the same condftions as in Example 1 except for a hydrogen pressure of [1 0-1 04 
Pa (1 atm)]. The initial rate was 880 mol/Ru catalyst mol.hr. 

Example 42 

[0054] Reaction was conducted under the same conditions as in Example 1 except for a hydrogen pressure of [50- 1 0* 
Pa (50 atm)]. The initial rate was 23, 000 mol/Ru catalyst mol. hr. 

Example 43 

[0055] Reaction was conducted under the same conditions as in Example 1 except for a reacton temperature o1 
The reaction was completed in ten hours and phenethylalcohol was obtained at a yield of 98%. 

Com parative Example 1 

roossi Reaction was conducted under the same conditions as in Example 1 except that KOH and ethylene diamine 
were not Sed ThTreSion rate was 5 mol/Ru ca.aryst mol. hr., and the reaction showed almost no progress. 

Com parative Example 2 

rooSTl Reaction was conducted under the same conditions as in Example 1 , but without adding ethylenediamine. 
The reaction rate was 70 mol/Ru catalyst mol. hr. even in the absence of hydrogen. 

com parative Example 3 

[0058] Reaction was conducted under the same conditions as in Example 1 , but without adding KOH. The reaction 
rate was 5 mol/Ru catalyst mol.hr, and the reaction showed almost no progress. 

Com parative Example 4 

[00591 Reaction was conducted under the same conditions as in Example 1 ., but without injecting hydrogen. The 
reaction rate was 8 mol/Ru catalyst mol.hr., and the reaction showed almost no progress. 

Example 44 

[0060] Reaction was conducted under the same conditions as in Example 1 except for the use of pOiacetylbenzene 
L a carbonvl compound This gave p-bis(1 -hydroxy)benzene was obtained at a yield of 99 A. 
^iT^X^oIhe present inventbn, as described above in detail, it is possible to manufacture alcohol from a 

« £?" ZZot^Zi « Present invention for producing optically active alcohols. 

K The arable reac'on substrates, optically active chosphines and diamine ligands as typical examples are 

shown in Table 6. and Table 7. 
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Table 6 



Car bony 1 compound 



c/ b <r ay 

7b: R - n-C«H, eU; H - Ci » 

7c: ft - (CH 3 )*CH 50; H - CHjO 

Bd: fl - (CHs) 3 0 
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Table 7 



Phosphine ligands 




{5)-l: Ar- C a H 5 
(BINAP) 

(TotSINAP) 




(HgBINAPj 



CHPP(C 6 H fi j 2 



(CHIRAPHOS) 



Diamine l igand 



CHjO 




(S)-9: R*(CH a } 2 CH 



Example 45 

100641 Into a Schlenk reaction tube, 0.5 M 2-propanol solution (40 uL) of KOH, (S.S^iphenylethylenediamine (Z1 
™ o 01 moll rTcetonaphthone (Compound 10 in Table 6)(85 mg, 5.0 mol) and 3 ml 2-propanol were charged n an 
Son glsTow argon substitution, the reaction solution was adjusted by ^*^f 

S (9 mg 0 01 mol). This solution was repeated* subjected to deaeration and argon subst.tut.on to achieve 

omptete dissolution, and then, the reaction was started by transferring the solution into a 1 00 ml glass autoclave and 
Snq hydrogen into it to a prescribed pressure. After stirring for six hours at 28°C. temperature was brought to the 

im empeS e" and the reaction product was subjected to gas chromatography and, H NMR analysis to .dentrfy 
7e pS and determine reaction yield (higher than. 99%). Further, the optical punty of { P 

thyl) ethanol was determined by means of an optically actwe column from HPLC, the result be.ng 97 /.ee. 

Examples 46 to 58 

roossi In the same manner as in Example 45, the reaction was caused under the reaction conditions including op- 
S ac ive diambe hydrogen pressure temperature and reaction type with the carbonyl compounds as shown .n 
S la 6 Tthe eSon subs 'ate and respective optically active alcohol products were obtained w.th h.gh y.elds- The 
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results are shown in Table 8. 
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Example 59 

[0066] In the same manner as in Example 1 , p-diacetylbenzene was used as the reaction substrate, and (S)-isopro- 
pyl-2,2-di(p-methoxyphenyl)ethylenediamine was used as the optically active diamine. Reaction was caused under a 
hydrogen pressure of 40-1 0 4 Pa (4 atm) at 28°C for 1 .5 hours. The resultant diol had a ratio of optically active compound 
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to meso compound of 85:15 and the optical active material had an optical purity of over 99%. 
Example 60 

r00671 Reaction was caused in a scale increased to 35 times as large as that ol Example 1 . From 30 g 1 '-acetonaph- 
thone (Compound 1 0 in Table 1 ), (R)-1 -(1 -naphthyl)ethanol was obtained in an amount of 27.90 g. The reaction product 
was separated by vacuum distillation (98-10TC/67 Pa (0.5 mmHg)), and a pure product of an optical purity of 95 h 
was obtained. 

Comparative Example 5 

[0068] Reaction was carried out under the same conditions as in Example 1 , using ethylene diamine in place ot (S, 
S)-diamine. Corresponding optically active alcohol was obtained with an optical purity of 57%. 

Example 61 * 66 

[0069] Under same conditions shown in Example 45, hydrogenation reactions were carried out using unsaturated 
carbonyl compounds having the carbon-carbon double bonds in each molecular structure as raw materials. Corre- 
sponding optically active alcohols were obtained at high yield. n 
[0070] Carbon-carbon multiple bonds were not hydrogenated and carbonyl groups only were hydrogenated. The 
results are shown in above Table 8. 

Example 67 

r0071] Under the same condition as Example 45, hydrogenation was conducted by using an unsaturated cyclicketone 
(Compound No. 16 shown in Table 6)(0.35g, 2.5mmol), and corresponding optically active unsaturated alcohol was 
quantitatively obtained. As shown in Table 8, optical purity was 93%ee. 

Example 68 

10072] Under the same conditions except the addition ol KOH of 0.2mmol (0.4M, 2-propamol solution 444uJ). racemic 
2-methyl cyclohexanone (compound No. 17, shown in Table 6, (0.57g, S.Ommol) was hydrogenated. The reaction 
provides optical active alcohol having cis/trans ratio of 97.7:2.3 by procedure of dynamic kinetic resolufon at site of 
2-asymmetric carbon. 

[0073] As shown in Ta.ble 8, optical purity of cis form was 80%ee. 
Example 69 

[0074] Under the same conditions as Example 68, racemic compound (No. 18, shown in Table 6) (1.05g, 5 mmol) 

[OOlT Taction was carried out though dynamic kinetic resolution, and provides optically active alcohol having 
anti/sym ratio ol 97.0:3.0. 

[0076] As shown in Table 8, optical purity of anti-form was 91%ee. 



Claims 
1. 



A method tor producing an alcohol, which comprises the step of causing a carbonyl compound to react wrth hy- 
drogen in the presence of a homogeneous hydrogenation catalyst which is a transition metal complex catalyst of 
a group VIII metal, a base and a nitrogen-containing organic compound, wherein said nitrogen-conta.ning organic 
compound is: 

a) a mono-amine selected from primary amine, secondary amine or tertiary amine represented by the formula 

NR B R 9R10; or 

b) a diamine represented by the formula R" R^N-Z-NR^R" (wherein rb. R» R'°. R«. R« anc I R" ' are 
each hydrogen, or are the same or different moieties selected from alkyl, cycloaikyl. aryl having 1 to 10 carbon 
atoms and cyclic diamine; and Z is a group selected from alkylene, cycloalkylene and arylene having 1 to 6 
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carbon atoms). 

A method as claimed in claim 1, wherein said transition metal is a metal selected from the group consisting of 
rhodium, ruthenium, iridium, palladium and platinum. 

A method as claimed in claim 1 or claim 2, wherein said base is a hydroxide of an alkali metal or an alkali earth 
metal or a salt thereof, or a quartemary ammonium salt. 

A method as claimed in any one of the preceding claims, wherein said carbonyl compound is expressed by the 
following general formula (1): 

O 

II 

% 

R^C-R 2 (1) 



(where, R 1 and R 2 are hydrogen, aromatic monocyclic or polycyclic hydrocarbon groups or hetero-monocyclic or 
polycyclic groups containing heteroatoms, which may have the same or different substitution groups or a saturated 
or unsaturated chain or cyclic hydrocarbon group; 

R1 and R 2 together with the C'-atom to which they are attached may also form a cyclic group. 

A method for producing an optically active alcohol, which comprises the step of subjecting a carbonyl compound 
expressed by the following general formula (2): 



O 
II 

R 3 -C-R 4 



(2) 



(where, R 3 is an aromatic monocyclic or polycyclic hydrocarbon group, a saturated or unsaturated aliphatic or 
cyclic-hydrocarbon group, or a hetero-monocyclic or polycyclic group containing heteroatoms, which may have a 
substitution group; and R 4 is a saturated or unsaturated chain, cyclic or aromatic cyclic hydrocarbon or heterocyclic 
group, which may have hydrogen or a substitution group; R 3 and R 4 together with the C-atom to which they are 
attached may alsoform a cyclic group) to,a hydrogenation reaction in the presence of an asymmetric hydrogenation 
catalyst which is atransttion metal complex catalyst of a group VIII metal, and an optically active nitrogen -containing 
compound, wherein said nitrogen-containing compound is 

a) an optically active monoamine in which at least one of the substitution groups is an optically active group 
and those remaining include hydrogen, or saturated or unsaturated hydrocarbon group or aryl group, or 

b) an optically.active diamine compound represented by the following general formula (7): 



R 



2 n 



R 
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/ \ 
R" R" 3 



R 



2 I 
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N 

/ \ 
R 1 7 R 



(7 ) 



(wherein, R 15 , R 16 , R 17 and R 18 are hydrogen or saturated or unsaturated hydrocarbon group, aryl group, 
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urethane group or sulfonyl group, and R 19 , R 20 , R 21 and R 22 are the same or different groups such that carbon 
atoms bonded with these substitution groups form centers of asymmetricity, and represent hydrogen or alkyl 
group, aromatic monocyclic or polycyclic, saturated or unsaturated hydrocarbon group, and cyclic hydrocarbon 
group), and a base, thereby producing an optically active alcohol expressed by the following general formula 

(3): 

OH 

I ■ ' ' 

R 3 -CH-R 4 - , ' (3) 

(where, R 3 and R 4 are the same organic groups as above). 

6. A method as claimed in claim 5, wherein said asymmetric hydrogenation catalyst has an optically active ligand. 

7. A method as claimed in claim 6, wherein said optically active ligand is a phosphine ligand. 

8. A method as claimed in any one of claims 5 to 7, wherein said base is a hydroxide or a salt of an alkali metal or 
an alkali earth metal, or a quarternary ammonium salt. 



Patentanspruche 

1. Verfahren zur Herstellung eines Alkohols, das den Schritt aufweist, eine Carbonylverbindung mit Wasserstoff in 
der Gegenwart eines homogenen Hydrierungskatalysators, der ein Ubergangsmetallkomplexkatalysator eines Me- 
talls aus der Gruppe VIII ist, einer Base und einer stickstoffhaltigen organischen Verbindung zur Reaktion zu brin- 
gen, wobei die stickstoffhaltige organische Verbindung: 

a) ein Monoamin ist, das aus primaren Aminen, sekundaren Aminen oder tertiaren Aminen ausgewahlt ist, 
die durch die Forme! NR 8 R 9 R 10 dargestellt sind, oder 

b) ein Diamin ist, das durch die Formel R"R 12 N-Z-NR 13 R 14 dargestellt ist (wobei R 8 , R 9 , R 10 . R 11 , FT 12 , R 13 
und R 14 jeweils Wasserstoff sind oder gleiche oder verschiedene Gruppen sind, ausgewahlt aus Alkyl, Cyclo- 
alkyl, Aryl mit 1 bis 10 Kohlenstoffatomen und zyklischen Diaminen, und Z eine Gruppe ausgewahlt aus Al- 
kylen, Cycloalkylen und Aryten mit 1 bis 6 Kohlenstoffatomen ist). 

2. Verfahren nach Anspruch 1, wobei das Ubergangsmetall ein Metall ist, das aus der aus Rhodium, Ruthenium, 
Iridium, Palladium und Piatin bestehenden Gruppe ausgewahlt ist. 

3. Verfahren nach Anspruch 1 oder 2, wobei die Base ein Hydroxid eines Alkalimetalis oder eines Erdalkaiimetalls 
oder eines Salzes davon oder ein quartares Ammoniumsalz ist. 

4. Verfahren nach einem der vorhergehenden Anspruche, wobei die Carbonylverbindung durch die folgende allge- 
meine Formel (1) ausgedruckt ist:. 



O 

R^C-R 2 (1) 



(dabei sind R 1 und R 2 Wasserstoff, aromatische monozyklische oder polyzyklische Kohlenwasserstoffgruppen 
oder heteromonozyklische oder -polyzyklische Gruppen, die Heteroatome aufweisen, die die gleichen oder ver- 
schiedene Substituenten oder eine gesattigte oder ungesattigte Kette oder zyklische Kohlenwasserstoffgruppen 
aufweisen konnen, 
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(, R 1 und R 2 konnen auch zusammen mit dem C-Atom, an das sie gebunden sind, eine zykl ische G ruppe bilden. 

Verfahren zur Herstellung eines optisch aktiven Alkohols, das den Schritt aufweist, eine Carbonylverbindung, die 
durch die folgende allgemeine Formel (2) ausgedruckt ist: 



R' 



(2) 



i 

(dabei ist R3 eine aromatische, monozyklische oder polyzyklische Kohlenwasserstoflgruppe, eine gesattigte Oder 
ungesattigte aliphatische oder zyklische Kohlenwasserstoflgruppe oder eine hetero-monozykltsche oder -polyzy- 
klische Gruppe mit Heteroatomen, die einen Substituenten autweisen konnen, und R 4 ist eine gesattigte oder 
ungesattigte Kette, zyklische oder aromatische zyklische Kohlenwasserstoff- oder heterozyklische Gruppe, die 
Wasserstoff oder einen Substituenten autweisen kann, R 3 und R* konnen auch zusammen mit dem C-Atom. an 
das sie gebunden sind, eine zyklische Gruppe bilden) einer Hydrierungsreaktion in Gegenwart eines asymmetn- 
schen Hydrierungskatalysators zu unterwerfen, der ein Obergangskomplexkatalysator eines Metalls der Gruppe 
VIII ist, und einer optisch aktiven stickstoflhaltigen Verbindung, wobei die stickstoffhaltige Verbmdung: 

a) ein optisch aktives Monoamin ist. bei dem mindestens einer der Substituenten eine optisch aktive Gruppe 
ist und die ubrigen Wasserstoff oder gesattigte oder ungesattigte Kohlenwasserstoffgruppen oder Arylgruppen 
autweisen, oder 

b) eine optisch aktive Diaminverbindung ist, die durch die folgende allgemeine Formel (7) dargestellt ist: 



R 



R 
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(7) 



(dabei sind R 1S R 16 R 17 und R 1 8 Wasserstoff oder eine gesattigte oder ungesattigte Kohlenwasserstoffgrup- 
pe Arylgruppe,' Urethangruppe oder Sulfonylgruppe und R>« R 20 , R 21 und R 22 sind die gleichen oder ver- 
schiedene Gruppen, so daB Kohlenstoflatome, die an diesen Substituenten gebunden sind, asymmetrische 
Zentren ausbilden und stellen eine Wasserstoff oder Alkylgruppe, aromatische monozyklische oder polyzykli- 
sche gesattigte oder ungesattigte Kohlenwasserstoflgruppe und zyklische Kohlenwasserstoflgruppe dar) und 
einer Base, zur Herstellung eines optisch aktiven Alkohols, der durch die folgende allgemeine Formel (3) 
ausgedruckt ist: 



OH 
R 3 -CH-R 4 



(3) 



(dabei sind R 3 und R 4 die gleichen organischen Gruppen wie oben) 
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6. Verfahren nach Anspruch 5, wobei der asymmetrische Hydrierungskatalysator einen optisch aktiven Liganden 
aufweist. 

7. Verfahren nach Anspruch 6, wobei der optisch aktive Ltgand ein Phosphinligand ist. 

8. Verfahren nach einem der Anspruche 5 bis 7, wobei die Base ein Hydroxid oder ein Salz einen Alkalimetalls oder 
eines Erdalkalimetalls oder ein quartares Ammoniumsalz ist. 

10 Revendications 

1 Precede de preparation d'un alcool, comprenant I'etape consistant a faire reagir un compose carbonyle avec de 
I'hydrogene en presence d'un catalyseur d'hydrogenation homogene consistant en un catalyseur de type complexe 
de metal de transition derive d'un metal du groupe VIII , d'une base et d'un compose organique azote, ledit compose 
is organique azote, etant : 

a) une monoamine choisie parmi une amine primaire, une amine secondaire ou une amine tertiaire representee 
par la formule NR 8 R 9 R 10 ;ou 

b) une diamine representee par la formule RURi2N-Z-NRW (dans laquelle R8, R 9 , R 10 , R . R . R et 
20 Ri4 representent chacun un atome d'hydrogene, ou il s'agit de groupes identiques ou differents choisis parmi 

les groupes alkyle, cycloalkyle, aryle comportant de 1 a 10 atomes de carbone et diamine cyclique; et Z 
represente un groupe choisi parmi les groupes alkylene, cycloalkylene et arylene comportant de 1 a 6 atomes 
de carbone). 

25 2 . Procede selon la revendication 1, dans lequel ledit metal de transition est un metal choisi parmi le rhodium, le 
ruthenium, ('iridium, le palladium et le platine. 

3. Procede selon la revendication 1 ou 2, dans lequel ladite base est un hydroxyde de metal alcalin ou de metal 
alcalino-terreux ou un sel de celui-ci, ou un sel d'ammonium quaternaire. 

4. Procede selon I'une quelconque des revendications precedentes, dans lequel ledit compose carbonyle est repre- 
sente par la formule generale (1) suivante : 

> 

35 O 

II 

R 3 — C — R J (1) 



30 



40 



45 



SO 



(dans laquelle FP et R2 representent un atome d'hydrogene, des groupes hydrocarbones aromat.ques mono ou 
polycycliques ou des groupes monoou polyheterocycliques contenant des heteroatorr.es, qui peuvent comporter 
des groupes de substitution identiques ou differents, ou une ohatne satur6e ou insatur6e, ou un groupe hydrocar- 

bone cyclique ; 

Ri et R2 peuvent egalement former ensemble un groupe cyclique avec I'atome de carbone auquel Us sont lies. 

5. Procede de preparation d'un alcool optiquement actif, comprenant I'etape consistant a soumettre un compose 
carbonyle represente par la formule generale (2) suivante : 



ss 



O 
« 

i 3 — C — R 4 <2) 



(dans laquelle R3 represente un groupe hydrocarbone mono ou polycyclique aromatique, un groupe hydrocarbone 
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aliohatique ou cyclique sature ou insalure, ou un groups mono ou polyheterocyclique contenant. des heteroatomes, 
JCcZoTe un groupe de substitution ; et R 4 represents une chains saturee ou meaturte un gioupe cy- 
cL o Sue aromatique, hydrocarbone ou hsterocycliqus. qui peut comporter un atoms d'hydrogene ou un 
go e de sub Sudan ; H»l R 4 peuvent egalement former snsembie un groupe cyclique ^avec ,'a tome . de carbone 
Lquel ils sont lite) a uns reaction d'hydrogenation sn presence d'un catalyseur d'h ydrogena on 
distant en un catalyseur de type complexs de metal de transition derive d'un metal du groupe VIII , st un compose 
azotd optiquemsnt actif, ledit compose azote 6tant : 

a) une monoamine optiquement active dans laquelle au moins fun des groupes de substitution est un groups 
JSement actif, etceux restants component un atoms d'hydrogene, ou un groupe hydrocarbone sature 

ou insatur6, ou un groupe aryle, ou m „.,h, an i a - 

b) un compose diamine optiqusmsnt actif represents par la formula generale (7) suivante . 
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(7) 
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fdans laauelle R 15 R 16 R" et R 18 represented un atoms d'hydrogene ou un groupe hydrocarbone sature ou 
ns^ s un group; aryle un groups urethanne ou un groupe sulfonyle, et R». R et R* sont des groupes 
den que o dTenTs ts.s q'ue le's atomes de carbone lite a ces groupes de substitutton formen des centres 
tfas3trie et ils represented un atome d'hydrogene ou un groupe alkyle, un groupe hydrocarbone mono ou 
££££ ardmSe. sature ou insature, et un groupe hydrocarbone cyclique), et une base, de facon a produce 
un alcool optiquement actif reprtesnts par la formula g6nerale (3) suivante : 



35 



OH 
I 

R 3 -CH-R 4 



(3) 
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(dans laquelle R 3 et R 4 sont les memes groupes organiques que ci-dessus). 
6. Procede seton la revendication 5, dans lequel ledit catalyseur d'hydrogenation asymetrique comporte un ligand 



7. 



optiquement actif. 

Precede selon la revendication 6, dans lequel ledit ligand optiquement actif est un ligand phosphine. 



8 ProcedS selon I'une quelconque des revendications 5 a 7, dans lequel ladite base est un hydroxyde ou un sel de 
metal alcalin ou d'un metal alcalino-terreux, ou un sel d'ammonium quatema.re. 
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